We demonstrate photonic lattices with segmentation-based linear self imaging as integrated optical limiters. The diffractive propagation between input and output port offers the additional benefit of substantially decreased nonlinear spectral distortions. Research in integrated all-optical data-processing is driven by the ever-increasing need for higher bandwidths and the limitations of electronic components to the efficient handling of terahertz data streams. Of particular interest is the ability to retime, reshape, and regenerate pulse trains in integrated, miniaturizable, and robust devices. Signal reshaping is an intrinsically nonlinear process, in which low-power noise as well as peakpower variations need to be suppressed. The latter can be achieved by means of an optical limiting scheme [1], which imposes more loss for higher optical powers. The perhaps most straightforward approach to this functionality would be to utilize intensity-dependent absorption as natural counterpart to transmission. However, the corresponding deposition on energy would lead to heat accumulation and possibly irreversible damage, especially in miniaturized and integrated systems. It is therefore desirable to merely divert light in an intensity-dependent fashion. A well-known example for this kind of behavior is the interplay of diffraction and self-focusing in transparent media with Kerr nonlinearity, which can be used to mimic the action of a saturable absorber under both focusing and defocusing conditions [2] .
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Systems of evanescently coupled waveguides, so-called photonic lattices, have emerged as versatile platform for integrated optics [3] . In particular the interplay of discrete diffraction and nonlinearity has been subject of intensive research in recent years [4] . Whereas under linear conditions, light injected into uniform photonic lattices undergoes ballistic spreading, the underlying periodicity of photonic lattices also supports an exact reversal of diffraction by staggering the phase of a wave packet. This so-called segmentation imaging perfectly reproduces any input intensity pattern and even persists in lattices with arbitrary coupling disorder. However, segmentation imaging is susceptible to perturbations by nonlinear phase contributions [5] .
Here we demonstrate how nonlinear delocalization in segmented photonic lattices can provide optical limiting functionality. Due to the perfect imaging under linear conditions, such a device ideally features an unsaturated transmission of unity. As an additional benefit, the diffractive propagation between input and output port substantially reduces spectral distortions due to self phase modulation compared to the propagation through an isolated waveguide of equal length. The working principle of such a device is shown numerically and verified experimentally in a photonic lattice realized in bulk fused silica with the femtosecond laser writing technique [6] . Segmentation imaging achieves a reversal of discrete diffraction by means of imprinting a staggered phase. In the nonlinear regime, the additional phase contributions perturb the imaging effect. As the propagating wave packet becomes more localized in the uniform part of the lattice [ Fig. 1(a) ], a substantial fraction is converted into diffractive background at the segmentation. Despite the ensuing complex and strongly power-dependent propagation behavior the overall transmission of the system continuously decreases [ Fig. 1(b) ].
For our experiments we fabricated photonic lattices in a 10 cm long fused silica sample (Corning 7980).
Optimum self imaging at the operational wavelength of 800 nm was achieved for a segmentation length of 5.2 mm with a fill factor of 50 %. The waveguide separation of 34.5 μm yielded a coupling constant of C = 0.2 cm −1 , corresponding to an overall propagation length of 1.28 L C . For the characterization of our device we used a Ti:sapphire laser system (Spectra Physics Tsunami/Spitfire), delivering 290 fs pulses with a repetition rate of 1 kHz at a carrier wavelength of λ = 800 nm. The beam was injected into a single waveguide of the lattice by means of a microscope objective (NA = 0.075).
Analyzing the output spectra, we found a drastic reduction of spectral perturbations by virtue of the delocalized propagation of the pulse in the device, as shown in Fig. 2(a) . In an isolated waveguide, self phase modulation almost immediately results in substantial broadening of the spectrum, and the initially compact Gaussian envelope is distorted into a complex multi-peaked structure. In contrast, pulses passing through the device maintain a single-peaked spectrum whose width consistently remains below the isolated waveguide output.
In conclusion, we have introduced an integrated optical limiting device based on segmentation imaging in photonic lattices [7] . Since the functionality relies on the optical Kerr effect, the device exhibits a virtually instantaneous response even for fs pulses. The diffractive propagation between input and output port distributes the light over multiple waveguides and thus substantially decreases spectral distortions due to self phase modulation. The operation of the proposed device has been demonstrated experimentally in femtosecond laser-written photonic lattices inscribed in fused silica. Whereas the universal character of segmentation imaging allows for an extension of this technique to two-dimensional lattices to decrease the intermittent intensities even further, we have shown that such a device can readily be implemented in a one-dimensional setting [ Fig. 2(b) ] and hence is also accessible by conventional surface-bound fabrication techniques.
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